In this report simulations of 192 Ir source located inside a phantom designed for measuring the 
Introduction
Brachytherapy treatments can be employed to destroy tumors while sparing healthy tissues.
Iridium (
192 Ir) radioactive source is routinely used in brachytherapy treatments. Several parameters can be used to characterize brachytherapy sources, namely radial dose function and anisotropy function (Nath et al., 1995) . In order to ensure an accurate tumor treatment source position and dose determination are essential. Consequently, quality control shall be performed allowing to compare dose measurements with dose values calculated by the treatment planning system, to ensure that the prescribed dose to the target volume is within certain limits. Iridium-
Materials and Methods
Simulations (Daskalov, Löffler, & Williamson, 1998) . All source geometry dimensions were respected but the tip and end of the stainless steel capsule were designed with a circular shape. Stainless steel composition of capsule and cable is the one described in Table 1 Figure 2 (based on energy values from (Cho, Muller-Runkel, & Hanson, 1999) ). 
Results and discussion
Several dosimetry parameters can be determined allowing to compare results with those obtained by others. The absorbed dose rate can be expressed as:
Where is the air kerma strength, is the dose rate constant, ( , ) is the geometry factor, ( ) is the radial dose function, ( , ) is the anisotropy function at radial distance and angle being ( 0 , 0 ) the reference point.
The radial dose function is expressed as:
Equation 2 The anisotropy function is expressed as:
Equation 3 Radial dose and anisotropy functions simulations enable to establish treatment planning systems (Daskalov et al., 1998; Taylor & Rogers, 2008) .
that are three times bigger than radioactive source length the source can be regarded as a point source. Thus, inverse square law can be used to characterize de dependence of absorbed dose with distance.
( , ) 2 ≈ 1 ∀ > 3 Equation 4 Since radioactive source has active length of 3.6 mm and a dosimeter is placed at a distance of 1 cm the condition expressed in equation 4 is fulfilled (Sakelliou, Baltas, & Zamboglou, 2006) .
Therefore, radiation intensity detected with the dosimeter is determined by the inverse square law. Brachytherapy needle has a length of 16 cm, inner wall thickness of 0.15 mm and external diameter of 1.5 mm. Simulations take into account inhomogeneities due to air inside the needle that has a density of 0.00120429 g cm -3 and the composition described in Table 2 Table 2 -Air composition used for Monte Carlo simulations. The simulated PMMA phantom has a density of 1.18 g cm -3 and the dosimeter is a luminescent probe made of PMMA cladding with density of 1.2 g cm -3 and polystyrene core with density of 1.05 g cm -3 . The luminescent material is connected to a PMMA optical fiber that transports the luminescent signal to a photodetector enabling to determine absorbed dose. Simulation was done with 1 × 10 8 photons and by using equation 6 with = 1 and ∆ = 0.2 a theoretical fit has been obtained to Monte Carlo calculations of tally F6 as can be seen in Figure 8 . Where ̇( ) represents dose rate at radial distance and is radioactive source activity. Dose rate calculations obtained with MCNP are shown in Table 3 . High dose rate brachytherapy treatments deliver a dose rate superior to 12 Gy/h that is equivalent to 3.33 cGy/s (Podgorsak, 2003) . Therefore, dose rate values obtained are acceptable. As source activity decays as time progresses dose rate also decays.
Conclusions
Monte Carlo computational simulation of Ir source position by using equation 6 and enabling to plan treatments according to patient requirements (Daskalov et al., 1998; Taylor & Rogers, 2008) . Moreover, these simulations enable to establish a fiber optic dosimeter as a tool for brachytherapy quality control. This device is capable of determining absorbed dose and position of the brachytherapy source, as assessed by Monte Carlo simulations.
